Background: Precarious employment is a major social determinant of health and health inequalities with effects beyond the health of workers.
Introduction
S ickness absence is a growing public health problem that has been widely investigated in the Nordic countries. [1] [2] [3] Labor market deregulations over the past three decades have led to a decline in "Standard Employment Relationship" (SER) (consisting of full-time and stable employment where employees have collective bargaining power, social rights and protections). 4 There has also been a a r t i c l e concurrent rise of flexible and non-standard employment with associated increase in job insecurity in most European countries; 4 job insecurity in turn increases the risk of poor work conditions, and precarious employment. 5 Precarious employment is a major social determinant of health and health inequalities that affects the health of workers, families, and communities. 6 The term "precarious employment" describes forms of work for remuneration characterized by limited social benefits and statutory entitlements, job insecurity, low job tenure, low wages, and high risks of ill-health. 7 Precarious employment could also be described as a multidimensional construct defined by a number of dimensions encompassing dimensions such as temporality, powerlessness, lack of benefits, and low income. 8 Workers in precarious employment share several labor market characteristics (eg, lower credentials, low income, being women, migrants, and non-white race) with the unemployed, while experiencing themselves spells of unemployment; thus, the adverse health effects of precarious employment for workers are similar to those of unemployment, impacting not only on the individual, but also on the health and wellbeing of the family members and dependents relying on income from the worker. 8 In addition, the economic crisis within the EU makes these adverse working conditions a public health problem, worthy of proper and periodic assessment. There have been calls for repeated and periodic analyses using the various dimensions and indicators that constitute in different dimensions employment precariousness. 9 Research has shown that welfare regimes appear to be an important determinant of employment-related health, and that precarious workers in Scandinavian welfare states report better or equal health status than their counterparts with permanent jobs. 10, 11 The welfare regimes in the Nordic countries are however characterized by features that distinguish them from other countries, such as active welfare states "built" on the foundation of job creation supported by social security, even in the era of global competitiveness; the relatively low social inequalities and poverty; and the corporatism that enables the coordination of economic and social objectives, and a high level of unionization (around 80%). 12 Current knowledge of sex differences in the relationship between precarious employment and sickness absence is limited. Neither has proper attention been given to examining the extent to which gender (the differential roles for men and women) may aid in explaining possible associations. Available research studies have however reported sex differences in sickness absence, with higher rates for females, have been reported in the Nordic countries. 2, 3, 13 The unequal gender distribution is posited to be influenced by several factors, such as the exposure to physical workloads and psychosocial factors in the workplace, 14 the division of labor that concentrates women in occupations and economic activities with high exposure to work-related psychosocial hazards (eg, services). 14 These inequalities are suggested as placing women in more precarious positions than men and a higher risk of sickness absence. There are also surprisingly few comparisons between Nordic countries, and none of these studies have investigated the relation between precarious employment and sickness absence. International comparisons of sickness absence and its correlates are expressly needed to better our understanding of this phenomenon. 15 In light of these observations, the objectives of this comparative study of four Nordic countries were to describe the distribution of sickness absence associated with precarious employment indicators, and to answer the following research questions: (1) Do
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For more information on sickness absence in four Nordic countries see http://www.theijoem. com/ijoem/index.php/ ijoem/article/view/667 the four Nordic countries differ in the association between precarious employment indicators and sickness absence within the total sample? and (2) are there sex differences in sickness absence? If so, what are the possible explanations for such variations, and the extent to which sex differences can be attributed to gender?
Materials and Methods

Design and Study Population
We used data from the 2010 edition of the European Working Conditions Survey (2010 EWCS). The EWCS is a 5-year periodical survey conducted under the auspices of the European Foundation for the Improvement of Living and Working Conditions (EUROFUND). Details about the survey design and sampling are reported elsewhere. 16 Briefly, in each country, multistage, stratified random samples of the workforce of each participating country were interviewed using a standardized questionnaire, about their occupational situation, working conditions and health. The sample used in the EWCS is representative of those aged 15 years and over (16 and over in Norway) who are currently in employment and resident in the country being surveyed. We restricted the analytical sample for this investigation to a subgroup of 4186 persons, of which 2203 were women, with response rates between 32% (Norway) and 58% (Denmark), and a country-specific sample size between 1004 (Sweden) and 1085 (Norway).
Measures
The outcome or dependent variable was "sickness absence," and was measured with the question: "Over the past 12 months, how many days in total were you absent from work for reasons of health problems?" Responses were dichotomized: absence from work due to illness 7 days or more within the last 12 months was defined as sickness absence. Similar self-reported measure has been used in previous studies. [17] [18] [19] Although register-based sickness absence is considered most accurate, selfreported absenteeism has been shown to be a useful and comparable alternative. 17, 18 with good agreement between these measures, and concluding that self-reports of sickness absence are a useful alternative if data from employers' registers are unavailable.
"Precarious employment" was the exposure of interest, and was conceptualized as a multidimensional construct consisting of 11 indicators from 8 dimensions indicative of the current employment at the time of the survey. Recent studies have used similar measures. 9, [20] [21] [22] Decomposing precarious employment conditions into a multidimensional set of indicators that describe the intrinsic quality of the work task, that reflect the role of employment relationships, and that reveals the wider institutional, social, and political factors that make employment precarious, facilitates a better understanding of the contemporary work situation in a more complete manner. In addition, investigating each precarious employment indicator independently has important policy implications, as it permits the identification, intervention, and periodic monitoring of the different and increasing precarious employment relationships in any social context, given the tendency for contemporary employment relationships to deviate in different respects from the "gold standard" of lifelong full-time SER-employment. 4 A brief definition of the dimensions and description of the proxy indicators are presented in Table 1 .
To study variations between groups of employees, a number of socio-demographic factors were included: (1) sex (female, male); (2) age group (corresponding with three main periods in a working career:
A. Oke, P. Braithwaite, D. Antai a r t i c l e a r t i c l e (7) company sector (private, public or other sectors), which primarily differentiates who an individual works for. Public sector workers are those that work for some sort of government agency, eg, civil service jobs. Workers in non-government organizations may be either private sector workers working within private or individual businesses, eg, self-employed, or workers within "other" sectors, including corporations or limited partnerships, eg, sales representatives; and (8) sickness presenteeism, measured using responses to the question: "Over the past 12 months, did you ever go to work when you were sick (yes, no)?"
Ethics
Based on secondary data that were anonymized directly during the process of data collection, all participants in this study provided informed consent prior to participation in the study; all information was collected confidentially. All participating countries were members of the European Society for Opinion and Marketing Research (ESOMAR). Permission to use the raw survey data was obtained from Eurofound.
Statistical Analysis χ 2 test was used to identify potential differences in distribution of outcome and exposure variables in the four studied countries. Multivariate logistic regression analyses were conducted separately for each country to establish which factors were significantly associated with sickness absence. Analyses were initially conducted for the total samples for each country in four steps: (1) a crude association between
TAKE-HOME MESSAGE
• Precarious employment indicators are associated with sickness absence in a largely similar pattern within the total samples in the four Nordic countries.
• The pattern of association between precarious employment and sickness absence is gendered and varies between the Nordic countries.
• Women are more likely than men to take sickness absence, and had significantly higher odds of sickness absence associated with precarious employment indicators than men.
• Income is arguably the most important dimension of precarious employment.
• There is a need to prioritize informed and monitored collective bargaining for all workers, increase working time flexibility for those working irregular hours, and job-related interventions aimed at improving work conditions.
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(2) a model adjusted for sex and age only; (3) a crude analysis of precariousness employment indicators entered into the logistic regression model in a single block to control for possible confounding between these indicators, stratified by country; and (4) 
Results
Distribution of sickness absence by precarious employment indicators and socio-demographic characteristics in the total sample of the four countries are summarized in Table 2 . The prevalence of sickness absence was 18% in Sweden, 19% in Denmark, 24% in Norway, and 28% in Finland. Table 3 presents a crude model and a model adjusted for sex and age only. Women were more likely than men to report sickness absence (OR 1.42, 95% CI 1.21 to 1.66). Employees who were 15-29 years of age were less likely to report sickness absence (OR 0.72, 95% CI 0.56 to 0.93) compared to those who were 50-65 years of age. Table 4 presents the crude and adjusted associations between precarious employment and sickness absence in the total sample stratified by country. The adjusted models showed that "low household income" (all four countries), and "involuntary part-time employment" (Norway only), were positively associated with sickness absence, whilst "non-permanent contract," "uncompensated flexible working times" (Sweden and Norway only), and "no communication and participation with superiors" (Norway only) were negatively associated with sickness absence. The highest number of significant indicators was found in Norway. In Table 5 , the sex-disaggregated data showed that "low household income" was positively associated with sickness absence among women (all countries except Norway), and among men (Finland and Norway only). "Disempowered/No self-determination over schedule," and "schedule unpredictability" increased the likelihood of sickness absence only among women in Sweden. Likewise, "involuntary part-time employment" increased the likelihood of sickness absence only among women in Denmark, whilst "lack of training" increased the likelihood of sickness absence only among men in Norway. Women in the occupational class "service workers" (Finland and Sweden only), and male "service workers" and "technicians, associate professionals, and clerks" (Norway only) had higher likelihood of sickness absence compared to the reference group. Women (Denmark only) working in the "agriculture, forestry, fishing" labor sector were more likely than to report sickness absence compared to their counterparts in "other services." Sickness presenteeism increased the likelihood of sickness absence among both sexes in all the countries, with the exception of males in Sweden and Norway.
Discussion
The main findings were as follows: (1) precarious employment was associated with self-reported sickness absence; (2) women were more absent than men in all the four Nordic countries, and had significantly higher odds of sickness absence associated with precarious employment indicators than men; and (3) employees in the public sector were more absent from work compared to their counterparts in the private sector. (50) 81 (44) 487 101 (12) 29 (11) 130 Tertiary education 330 (38) The first objective of this study was to describe the distribution of precarious employment indicators in the four studied Nordic countries. Sickness absence rate was lowest in Sweden and highest in Finland, consistent with studies showing absenteeism to be highest in Finland, 23 higher sickness in Norway than in Denmark, 1 and higher in Norway compared to Sweden; 24 our findings however contrasted with others, 15 showing higher Swedish than Danish sickness absence rates. Higher absenteeism among women than men in this study was consistent with several other studies, 25, 26 which may be indicative of women's tendency to be proactive regarding their health, consulting health services and being more likely than men to take absence in relation to health issues. Some of these differences may also be due to methodological differences, as some of these studies were not primarily designed to measure sickness absence.
The second objective of this study was to investigate whether the association between precarious employment indicators and sickness absence differed between the four Nordic countries within the total sample. As shown in Table 4 , the pattern of sickness absence associated with precarious employment conditions is largely similar in the four countries, emphasizing the commonalities between these welfare states and to such factors as the high levels of labor participation, robust job protection, and sickness insurance system. The similarities between the four countries were also exemplified by the overall positive association between "low household income" and sickness absence, which is consistent with other studies, 27, 28 pointing to a negative correlation between income and sickness absence in the Nordic countries. Our finding of the positive association between "involuntary part-time employment" and sickness absence (Norway only) was consistent with findings in an- 
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other study, 29 which attributed this to labor market characteristics, such as temporary employment contracts. "Involuntary parttime employment" in Norway has been linked with job characteristics in femaledominated labor market sectors, working hours, and persistent part-time work traditions entrenched in the society. 30 It is plausible that workers in Norway may be compelled to accept short and part-time engagements under periods of economic difficulty. 30 Norway and Sweden showed further similarities with negative associations between "non-permanent contracts," "uncompensated flexible working times" and sickness absence. These relationships may be attributed to the "procyclical" nature of sickness absence, often attributed to the negative association between sickness absence and unemployment rate, and vice versa. Additional explanations could be labor force composition, in which marginal workers with a higher tendency to be sick enter the labor force during periods of economic boom, causing higher sickness absence; these workers are often unemployed during recessions due to their ill-health. An alternative explanation may however be that this relation is driven by "countercyclical" moral hazard and infections, in which the workload, time pressures, and on-the-job stress of employees is higher than usual during periods of economic expansion. 31, 32 Overall, it is logical to postulate that economic incentives in the sickness-insurance scheme may be partly responsible for the cross-country differences in sickness absence between the Nordic countries. Our third objective was to investigate whether there were sex differences in sickness absence in relation to precarious employment indicators and possible explanations for any such variations. As shown in Table 5 , the positive association between sickness absence and "low household income" among women in all the countries (except Norway), and among men (Finland and Norway only), supports earlier findings of an over-representation of low-income workers among those with high levels of sickness absence in the Nordic countries. 27 Possible explanations for this effect may be the low-income occupational classes, which are usually temporary jobs, 33 and are often accompanied by financial hardship and ill-health, thus increasing the likelihood of sickness absence. Our finding also supported the claim that "income is arguably the most important dimension of precarious employment." 34 The strong positive association between "no self-determination over schedule" and sickness absence among women (Sweden only), was in line with others, 35 associating the frequent exposure of women working under precarious employment conditions to constant variations in their work schedule, as they were less likely to be unionized or covered by collective bargaining agreements. 4 We suggest that workers not protected by collective bargaining might be less empowered to determine their schedule due to the inherent job insecurity, thereby reducing the likelihood of absenteeism. In Sweden, although the bargaining system is autonomous and the terms and conditions of employment are largely regulated by collective agreements, the responsibility of safeguarding a general level of pay and employment conditions rests of trade unions, and effective enforcement in the workplace is to a large extent covered by a collective agreement. The reason for our finding is unclear; however, it is possible that this may in part be due to atomization of collective bargaining, ie, workers (in this case female workers) being ill-informed about the precise terms and conditions of their contract, despite coverage by collective agreements; lack of information is a reflection of workers' low level of control over their employment conditions and the lack of knowledge of the unions' protective role. 36 Our findings therefore, emphasize the need to prioritize collective bargaining for all workers, measures ensuring adequate information on employ- ment conditions, and control mechanisms enforcing these conditions, if precarious employment is to be properly addressed. We found mixed results regarding "schedule unpredictability." The positive association with sickness absence among women (Sweden only), was consistent with studies linking this association to work stress, low employee control over working times, especially among female employees. 37 Exposure of workers in precarious employment to poor working conditions and tighter work schedules compared to their counterparts working under non-precarious employment conditions tends to limit their copying abilities and increases work stress-related illness. The practical implications of this finding is that increasing working time flexibility for employees who work irregular hours promotes workers' coping strategies, as well as their health and well-being. On the other hand, the negative association between "schedule unpredictability" and sickness absence among men (Norway only) in this study contradicted other studies, 38 with increased sickness absence in relation to irregular working hours with no control over time in Norway. We postulate that this finding may also be related to the procyclical nature of sickness absence in which reduced job security constitutes a lesser problem during economic upturns with low or decreasing unemployment or result from changes in the labor force composition over the business cycle, with marginal workers largely employed when demand for labor increases, and unemployment is reduced. 31 "Lack of training" among men (Norway only) predicted higher sickness absence, consistent with other studies indicating increased coping capacity of individuals, especially for older workers with job training, 39 and poor mental wellbeing was associated with lack of training among women in the traditional welfare regime. 22 Our finding of a positive associa-tion between "involuntary part-time employment" and sickness absence among women in Denmark was consistent with studies. 29, 30 Possible explanations are that where part-time employment results from limited employment choices, particularly for women, it increases the risk of negative health impacts, as previously shown, 40 or that taking up part-time work is an attempt by women, more than men, to resolve their work-family imbalances. 41 Regarding company sector, our finding that women working in "private service" (Denmark, and Norway), and "other sectors" (Denmark only) were less likely to report absence than workers in "public service," was in line with previous studies, 42 showing higher sickness absence risks among public sector employees compared to private sector employees. The degree of employment protection for public sector employees largely exceeding that in the private sector, especially employees in the municipal sector, 42 may explain these differences. The negative association between "non-permanent contracts," compared to permanent contracts, and sickness absence both in the total sample (Sweden and Norway only), and among women (Finland and Sweden only), was consistent with other studies. 43 This is most likely related to fear of job loss among non-permanent workers, rather than an actual deterioration in health. Our finding of reduced sickness absence associated with "uncompensated flexible working times" among men (Finland and Norway only), was contrary to findings in another study linking unpaid overtime and number of hours worked with decrease self-rated health and psychological well-being. 44 We speculate that those with "uncompensated flexible working times" are less prone to taking sick leave for fear of dismissal or other related retaliating actions, and also have lower expectations for job advancement; as a result, they tend to increase their efforts in the form of unpaid A. Oke, P. Braithwaite, D. Antai a r t i c l e a r t i c l e extra-hours. 45 The negative association between "no communication and participation with superiors" and sickness absence (Norway only) in the present study was an unexpected finding, since poor communication and lack of employee involvement has frequently been reported to lead to absences, 39 more so in Nordic countries where workers' direct communication about their work-related performance and problems with their superior is among the highest levels in European workplaces. 16 However, job insecurity and fear of job loss among workers in precarious employment cannot be overlooked as a possible explanation.
Several explanatory characteristics of the respondents were also found to have played a role in the association between precarious employment and sickness absence. Occupational class increased the likelihood of sickness absence for male "service workers" and "technicians, associate professionals, and clerks" compared to "legislators, senior officials, managers, and professionals" (Norway only), and for female "service workers" (Finland and Sweden only); this corroborated findings from previous studies attributing this social gradient in sickness absence to physical (and psychosocial) working conditions, 46, 47 more than health-related behaviors outside of work. 14 Possible explanations for this association may be heterogeneous, and may reflect the gender concentration of women in occupations and economic activities (ie, "services") with greater exposure to work-related psychosocial exposures, 11 and the greater exposure of women within the same job title to unequal working tasks. 48 Labor market sector ("agriculture, forestry, fishing") increased sickness absence among women (Denmark only); this finding however demands cautious interpretation, due to the extremely low proportion of respondents in this category within the data. However, this associa-tion may be related to the gendered segregation of the labor market, where men and women face differential hazards from different jobs and tasks even within the same industry. 49 We also found "sickness presenteeism" to be a strong predictor of sickness absence within all the countries and both sexes (except for men in Sweden and Norway), corroborating findings from studies attributing this to fear of job loss. 5 We agree with the general consensus that sickness presenteeism increases the risk of illness by limiting time needed for recuperation, and is a predictor of even higher levels of subsequent sickness absence. 50 The negative associations between several socio-demographic characteristics and sickness absence found in this study also warrant explaining. Younger (15-29 years) women showed a lower likelihood of sickness absence compared to their older (50-65 years) counterparts (Denmark only), consistent with previous research. 13, 14, 24 The stricter views of older persons in the Nordic countries regarding when it is acceptable to take sickness absence, 13 may account for this. We argue that the effect of age may be due to a combination of factors, such as younger women working under precarious employment conditions, the physically demanding nature of these jobs, and women being disproportionately affected by workplace flexibility. Our finding stresses the need for job-related interventions aimed at improving employment and work conditions for younger workers, eg, informed union protection. Contrasting findings were however reported in a longitudinal study indicating increased sickness absence in the youngest workers in Denmark. 51 It is worthy of note that socio-demographic characteristics, such as educational level and ethnicity were not significantly associated with sickness absence in the four countries, which is in line with studies where the focus is on work-related absence rather than due to general health issues. 52 In summary, major variations in the association between precarious employment and sickness absence were identified between the Nordic countries in the sex-disaggregate analyses. The differences in sickness absence between the Nordic countries may be attributed to the structure and administration of the sickness-insurance system in each country is a major factor influencing country differences in sickness absence between the Nordic countries, 27 such as the more generous sickness benefits in Norway. Other plausible factors include variation in labor market conditions and social conditions, such as unemployment rate, as this is correlated with sickness absence. 53 The large study population allowing for cross-national comparisons and the nationally representative design permitting the study of employees across different work settings are the main strengths of this study. Other strengths include overcoming common limitations when comparing sickness absence rates between countries (ie, differences in definitions of sickness absence, variation in the criteria for inclusion and exclusion, dissimilar populations being compared); measurement of sickness absence with the same question in all countries within the 2010 EWCS, which enhances the comparability of responses and results across countries; the novelty of our study is the investigation of precarious employment indictors as a predictor of sickness absence in nationally-representative samples of the Nordic working population; and the consideration of possible gender perspectives in explaining findings between both sexes. The main limitation of this study is that the variables are self-reported, with consequent risk of recall bias. However, studies indicate good agreement between self-reported and register data on sickness absence. 17, 18 The cross-sectional design of this study precludes drawing causal or reverse causation inferences.
The limited scope of factors (eg, lifestyle, working in a manual job, having multiple concurrent jobs, and prior health status) known to affect sickness absence in this study leaves room for residual confounding. Focus on the employed only may have excluded people undergoing long-term sickness, thus introducing the risk of selection bias. Unavailability of data on sickness absence spells and duration restricted the analysis of recurrent sickness absences.
Our findings emphasize the need to prioritize informed and monitored collective bargaining for all workers, increase working time flexibility for those working irregular hours, and job-related interventions aimed at improving work conditions for younger individuals, if precarious employment is to be properly addressed.
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